Objective: There is accumulating evidence that involvement in leisure activities may be related to risk of dementia; however, there is no consensus concerning the underlying mechanism of this association. Hypothesizing that leisure activities may contribute to cognitive reserve (CR), we examined the association between leisure activities and risk of incident dementia and its subtypes within a general population sample, categorizing leisure activity as stimulating, passive, physical, and social. The possibility that these associations may be driven by other proxies of CR was also examined.
During the past decade, prospective epidemiologic studies report an association between high rates of leisure activities in old age and lower cognitive decline and reduced risk of dementia or Alzheimer disease (AD). 1 Several pathways have been proposed to explain this relationship. One mechanism is based on cognitive reserve (CR) theory. Participants with a higher CR are postulated to have more efficient neuronal networks or may use alternate networks more effectively after neurologic insult, thus delaying AD incidence. 2, 3 Regarding this hypothesis, it is important to determine which type of leisure activities are the most powerful contributor to CR. Proxies of higher CR include higher education levels or higher occupational attainment, which have also been consistently associated with reduced risk of AD [4] [5] [6] ; as leisure activities may reflect socioeconomic advantages gained earlier in life, it is also possible that the association between late-life activities and risk of dementia may be explained by education level or occupational attainment. Two other underlying mechanisms relating leisure activity to reduced risk of dementia involve on one hand the social network and on the other physical conditions. Some studies suggest that maintain-ing social ties and frequent social participation may help to prevent cognitive decline and the onset of dementia. 7, 8 Furthermore, frequent physical activity has been associated with a reduced risk of cognitive decline and dementia. [9] [10] [11] [12] [13] Finally, leisure activities are also related to health status, and may thus constitute a confounding variable.
Based on the hypothesis that leisure activities as a contributor to CR are associated with a decreased risk of dementia and AD, we aimed to examine in a large general population the association between leisure activities and the risk of incident dementia during a 4-year follow-up period. We also focused on examining whether these associations are driven by other proxies of CR such as education level or occupational attainment.
METHODS Study population. Subjects were recruited as
part of a multisite cohort study of community-dwelling persons aged 65 years and over from the electoral rolls of 3 French cities-Bordeaux, Dijon, and Montpellier-between 1999 and 2001 (the Three-City Study). 14 The analyses carried on the subcohorts of Dijon (n ϭ 4,931) and Montpellier (n ϭ 2,259) in which data on leisure activities were similarly collected. Of the 7,051 dementia-free participants included in the cohort, 739 participants (214 deaths) did not have the next 2 follow-ups (follow-up rate ϭ 92.3%). The present analyses carried on the 5,698 participants with validated leisure activity questionnaire and complete data for baseline main adjustment variables.
Standard protocol approvals, registrations, and patient consents. We received approval from the Consultative Committee for the Protection of Persons participating in Biomedical Research of the Kremlin Bicêtre University Hospital (Paris).
A written informed consent was obtained from all patients participating in the study (consent for research).
Data collection. Leisure activities variables. Leisure activities were assessed at baseline, using 2 different self-report frequency questionnaires, 1 questionnaire for daily leisure activities and 1 for monthly. First, participants were asked, "Usually, how much time in a day did you engage for each of the following activities: watching TV, listening to the radio, listening to music, doing odd jobs, gardening, knitting/sewing, going for a walk." The frequency of participation for each of these activities was rated on a 3-point scale: 0, never or less than 1 hour per day; 1, 1-2 hours per day; 2, Ն2 hours per day. In the monthly questionnaire, participants were asked about monthly frequency (0, never or rarely; 1, 1-3 per month; 2, 1 per week; 3, Ն2 per week) with which they engaged in the following usual activities: inviting friends, inviting relatives, visiting friends, visiting relatives, attending organizations (e.g., charity, institution), doing crosswords, playing cards, going to the cinema/theater, practicing an artistic activity. Within each type of frequency questionnaire, the categorization of leisure activities according to their predominantly mental, physical, or social characteristics was drawn from the existing literature. 15, 16 At the end, 4 independent composite scores were built by summing the corresponding items scores as following. Among the monthly leisure activities, doing crosswords, playing cards, attending organizations, going to cinema/theater, and practicing an artistic activity were grouped in "stimulating leisure activities" (score ranging from 0 to 15, median score: 3), as they were described as cognitive activities in which seeking or processing information played a central role in several reports. 17 The other 4 items-visiting or inviting friends or relativeswere grouped in "social support activities" (score ranging from 0 to 12, median score: 5), as they involved more the social resources of the participants. 18, 19 Among the daily leisure activities, doing odd jobs, gardening, and going for a walk items are outside activities and were grouped together for their common physical characteristics as "physical leisure activities" (score ranging from 0 to 6, median score: 3). Finally, activities such as watching television, listening to the radio, listening to music, and knitting/sewing constitute leisure activities which are less cognitively demanding 16, 19 compared to those classified as stimulating leisure activities and were categorized as "passive leisure activities" (score ranging from 0 to 8, median score: 2).
Screening for dementia. At baseline, diagnosis of dementia was based on a 3-step procedure.
14 First, trained psychologists administered a battery of neuropsychological tests detailed elsewhere.
14 Second, all the participants in Montpellier were then examined by a neurologist, whereas in Dijon, because of the larger number of participants, only those who screened positive underwent further examination. Finally, an independent committee of neurologists reviewed all potential prevalent and incident cases of dementia to obtain a consensus on its diagnosis and etiology according to the criteria of the DSM-IV. 20 Similar procedures were performed at follow-up for incident dementia screening. Cases of AD were classified according to the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association 21 and cases of mixed/vascular dementia according to the National Institute of Neurological Disorders and Stroke-Association Internationale pour la Recherche en l'Enseignement en Neurosciences 22 criteria. Other variables measured at inclusion. Sociodemographic variables consisted of gender, age, study center, marital status, educational level (no formal education or primary school, lower secondary education, higher secondary education, university degree), and occupational grade (high grade/office-based/manual worker/staying at home). Health status was ascertained by measures of vascular risk factors, depressive symptoms, physical functioning, cognitive impairment, and APOE genotype. Vascular risk factors consisted of diabetes (fasting glycemia Ն7.0 mmol/L or antidiabetic treatment), hypertension (systolic/diastolic blood pressure Ն140 mm Hg/Ն90 mm Hg or antihypertensive drug use), hypercholesterolemia (plasma cholesterol Ն6.20 mmol/L or anticholesterol treatment), history of vascular disease (stroke, angina pectoris, myocardial infarction, and cardiac and vascular surgery). Depressive symptoms were assessed by the Center for Epidemiologic Studies-Depression scale 23 with a 16 cutoff point. Physical functioning was evaluated using the instrumental activities of daily living scale (score Ͼ0). Cognitive impairment was defined by a score below 24 on the Mini-Mental State Examination (MMSE). 24 Finally, allele 4 of APOE was also considered (http://www.genopole-lille.fr/spip/).
Statistical analyses.
In the present analyses, leisure activities were considered as categorical variables. Given the non-normal distribution of the dependent variables, they were categorized by tertiles: high (tertile 3), mild (tertile 2), and low (tertile1) levels of activity being defined for each of the 4 variables. The association between leisure activities and risk of dementia over the 4-year follow-up was determined by a proportional hazards model with delayed entry and age of the participants as time scale. 25 Additionally to the age, analyses were first adjusted for gender, educational level, occupational grade, and study center (model 1) and then adjusted for other sociodemographic and health status variables (model 2). Similar analyses were performed to explore the association between levels of leisure activities and onset of AD cases and mixed or vascular dementia cases. The proportional hazards assumption was verified by adding a time-dependent variable to the model. Interactions between each covariate and each leisure activity were also tested and were found to be nonsignificant.
Results of proportional hazards regressions were expressed as hazard ratios (HR) and 95% confidence intervals (CI). Statistical analyses were performed using SAS software version 9.1 (SAS Institute, Inc., Cary, NC).
RESULTS
The present analyses were carried out on the 5,698 participants without prevalent dementia at baseline. Compared to dementia-free participants excluded from the analyses (n ϭ 1,353), those participating were younger, with higher education levels and occupational grades. Participants excluded were also more likely to have cognitive impairment at baseline, and low levels in each category of leisure activity.
Over the 4-year follow-up, 161 new cases of dementia (76 diagnosed at the 2-year follow-up, 85 at the 4-year of follow-up) were diagnosed including 105 cases of AD, 38 cases of mixed (n ϭ 19) and vascular (n ϭ 19) dementia, and 18 other dementia. Characteristics of the participants as a function of the onset of dementia are described in table 1. Factors associated with each leisure activity are given in table 2. Associated factors varied according to type of activity. For instance, a lower proportion of participants with the lowest education level were observed across the tertiles of stimulating leisure activities, while a higher proportion were observed across the tertiles of physical leisure activities. Low education level was also associated with higher levels of passive leisure activities and was not associated with social leisure activities. Table 3 shows the results from the proportional hazards models designed to estimate the associations between frequency of participation in leisure activity and incidence of all dementia types during the 4-year follow-up. Stimulating leisure activities were associated with a 50% reduction in risk of dementia in participants with high or moderate levels compared to those with the lowest levels after controlling for potential confounders. Similar associations were observed for AD, while no significant association was observed for mixed/vascular dementia.
For passive and physical leisure activities, no significant association was found between levels of participation and risk of any type of dementia.
A significant association was observed between social leisure activities and onset of dementia and mixed/vascular dementia but not AD in the model adjusted for gender, education, occupational grade, and study center (model 1, table 3). However, further adjustment for other covariates attenuates this association, so that it is no longer significant. A step by step analysis showed that the association between social leisure activities and mixed/vascular dementia was shaped by depressive symptoms (results not shown).
Finally, to assess whether the association between stimulating activities and risk of dementia was driven by the other leisure activities, a model in which all the 4 leisure activities variables were included simultaneously was performed. Results showed that stimulating leisure activities were independently associated with risk of dementia and AD (in a full adjusted model, HR 0.50, 95% CI 0.33 to 0.78 for dementia; HR 0.46, 95% CI 0.27 to 0.80 for AD).
Cognitive impairment occurs in elderly persons many years before dementia onset and commonly leads to a reduction in activity level due to an increasing dynamic of fear of incompetence. As this phenomenon might clearly explain the current findings, we repeated the above analyses after excluding suc- cessively 1) the 262 participants with cognitive impairment at baseline assessed by MMSE, 2) the 76 incident cases of dementia at the first follow-up, and 3) the 2,204 participants with MCI at baseline. The classification of MCI in our study was fully detailed elsewhere, 26 using the revised criteria, 27 which required evidence of impairment in at least one cognitive domain in the absence of dementia. Results of these analyses showed stimulating leisure activities to be significantly associated with the onset of dementia after controlling for gender, age, examination center, education, and occupational grade (table 4, model 1). Similar trends were observed in the fully adjusted analyses (table 4, model 2).
DISCUSSION
The present report, carried out on a large elderly general population sample, showed that persons engaging in stimulating activities at least twice a week (doing a crossword puzzle or playing cards, attending organizations, going to the cinema/ theater, and practicing an artistic activity) had a 50% reduced risk of developing dementia over the 4-year follow-up compared to persons who engaged in such activities less than once per week 1) independently of education level, occupational attainment, and cognitive functioning of participants at inclusion; 2) after adjusting for vascular risk factors, depressive symptoms, and physical functioning; and 3) independently of other leisure activities.
Our findings thus suggest that stimulating activity may have a protective effect in relation to dementia. Our results are consistent with previous prospective studies showing a lower incidence of cognitive decline, amnesic mild cognitive impairment, dementia, and AD in participants with higher levels of mentally stimulating leisure activities. [17] [18] [19] [28] [29] [30] [31] [32] Nevertheless, there is no consensus regarding the underlying mechanism involved. Our analyses explored multiple hypothetical pathways and appear to support the notion of protective role of leisure activity as a component of CR. Furthermore, the significant association observed even after controlling for education level, occupational attainment, and cognitive functioning suggest that stimulat- Table 3 Association between leisure activities and risk of dementia ing leisure activities contribute to CR independently from other well-known proxies of CR. This finding is in accordance with the finding from the WHICAP cohort study, in which greater participation in intellectual leisure activities was associated with faster cognitive decline in 283 patients with AD, 15 supporting the hypothesis that the disease course in AD may vary as a function of CR, sustaining the "use it or lose it" concept. 33 We also examined whether the practice of less cognitively demanding leisure activities had an impact on onset of dementia. While one prospective study carried out in an elderly Chinese elderly population (n ϭ 5,437) showed that watching television was associated with an increased risk of cognitive impairment over 5 years, 19 our finding showed no association between the practice of passive leisure activities-including watching television-and the risk of dementia. This result was consistent with findings from several prospective studies 15, 34, 35 and suggests that passive leisure activities do not contribute to CR in the same way as cognitively stimulating activities.
Impaired physical functioning and more specifically incapacity in activities of daily living have been shown to be associated with onset of dementia in several cohorts. [36] [37] [38] [39] Based on this evidence, the hypothesis of a protective role for physical leisure activities and dementia onset was proposed. [9] [10] [11] [12] Our report did not show evidence of an association between doing odd jobs, gardening, and going for a walk and onset of dementia and are consistent with several prospective studies 15, 17, 19, [29] [30] [31] [32] 34 suggesting that the practice of physical leisure activities in old age is perhaps not a good marker of physical functioning.
In this report, we also showed that social leisure activities such as visiting or receiving friends and relatives were significantly associated with a reduced risk of mixed/vascular dementia, but this association is confounded by depressive symptoms, which perhaps explains previous conflicting findings. 7, 8, [16] [17] [18] [19] 34 We observed this association only with mixed/vascular dementia and not with AD, which is consistent with the vascular dementia hypothesis. In this case it may be postulated that vascular changes causing dementia also give rise to depressive symptoms which in turn lead to social withdrawal. However, we were unable to further explore this hypothesis due to small numbers.
Several limitations of the present study should be noted. Our principal concern relates to the measurement of our exposure. First, leisure activities were assessed using 2 different self-report frequency questionnaires which were then categorized according Table 4 Association between stimulating leisure activities and risk of dementia and Alzheimer disease (AD) after excluding successively participants with Mini-Mental State Examination (MMSE) deficit, incident cases of dementia at 2-year follow-up, and participants diagnosed with mild cognitive impairment (MCI) at inclusion to their predominantly mental, physical, or social characteristics, resulting in the construction of 4 composite scores. However, leisure activities may simultaneously embody one or more of these 3 components so that it is impossible to derive a pure classification. Additional models were performed, in which the 4 leisure activities variables were entered simultaneously. We still observed a persistent and strong association between leisure activities considered a priori to be cognitively stimulating and risk of dementia, suggesting that although approximate measures, this group of activities is clearly distinct from the others. Secondly, for each leisure activity, we defined 3 arbitrary levels according to the tertile distribution of the composite scores, making comparisons of our results with the existing literature difficult to interpret. To our knowledge, there is no standardized well-validated leisure activity frequency scale for elderly populations which provides a normal distribution permitting more robust statistical analysis and cross-study comparisons.
The length of follow-up is a crucial issue as limited leisure activity might represent a manifestation of early dementia rather than a premorbid risk factor. The relatively short follow-up time-4 years-constitutes the second limitation of the study. To address this issue, we carried out supplementary analyses. No change in the magnitude or in the significance of the association were observed after excluding participants with cognitive impairment, classified as having MCI at baseline, or after excluding incident cases of dementia at the 2-year followup. However, it is plausible that apathy and loss of initiative might precede the cognitive impairment by more than 4 years, and thus our results could reflect early symptomatic behavioral changes of dementia.
Finally, the design of our study-an observational epidemiologic study-does not permit us to conclude that there is a causal link between mentally stimulating leisure activities and the onset of dementia and AD but not with vascular dementia. Furthermore, with only 19 cases of vascular dementia, we may not have the power to detect associations between leisure activities and vascular dementia. However, the longitudinal and multicentric design, the large sample size including more than 5,000 elderly subjects from the general population, the high quality of screening of dementia cases and subtypes of dementia, the low rate of attrition of our cohort, and the full adjustment for a large range of sociodemographic, socioeconomic, and health factors constitute the major strengths of this report.
The observed risk reduction of 50% over 4 years for all dementias in participants engaging at least twice weekly in stimulating leisure activities suggests that the promotion of these activities in elderly community-dwelling populations may constitute a positive public health initiative without negative side effects which could delay dementia onset.
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